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PREFACE 


Tho  work  described  in  this  user's  manual  was  sponsored  by  tho  Fiold  Command, 
Defense  Special  Weapons  Agency  (DSWA).  F undinq  was  provided  under  MlPRs 
HD1 102-4-IL*4A01.  dated  17  May,  1994.  and  HD1 102-6-D45H02.  dated  5  Docombor, 
1995.  Dr.  George  Baladi  was  tho  DSWA  Project  Managor. 

Tins  study  was  conducted  by  tho  Goomochnnics  and  Explosion  Effects  Division 
(GEED),  Structuros  Laboratory  (SL),  U.S.  Army  Engineer  Waterways  Experiment 
Station  <WES),  Vicksburg,  MS.  Dr.  Howard  G.  Whito,  GEED,  was  tho  pnncipal 
investigator.  Numerous  porsons  assisted  in  various  aspects  of  tho  software 
development.  Those  included  Messrs.  John  Qoa  and  Brian  Green,  Concrolo  ar.a 
Mutonals  Division,  WES.  who  assembled  data  and  provided  technical  assistnneo, 
respectively.  and  Mr.  Jonathan  Ashloy,  a  contractor  to  tho  GEED,  who  populated  tho 
databaso.  During  this  investigation,  Dr.  Jimmy  P.  Baisara  was  Chiof,  GEED,  and 
Mr.  Dryant  Mathor  was  Dirodor,  SL. 

At  tho  timo  of  publication  of  this  report,  Director  of  WES  was  Dr.  Roboit  W. 
Whaiin.  Commandor  was  COL  Bruce  K.  Howard,  EN. 

Tho  NTS  DB  software  and  accompanying  databaso  may  bo  obtained  by  sending 
a  wntton  requost  to  Diroctur,  USAE  Waterways  Exporimonl  Station,  ATTN:  Enginoeung 
Computer  Progiams  Library  (CbvVES-IM-DS),  3909  Halls  Ferry  Road,  Vicksburg,  MS 
39180-6199. 
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INTRODUCTION 


1.1  INTRODUCTION. 

The  Concrolo  and  Materials  Division  of  tho  U.3.  Army  Enginnor  Waterways 
Experiment  Station  dovclopod,  tostod,  and  fioldna  a  wide  vartoty  of  concrete,  grout,  and 
qroutcoto  mixturos  in  support  o«  undorqround  nucloar  weapons  offocts  testing 
programs  at  tho  Nevada  Tost  Sito.  Dotailod  informahon  on  mixture  designs,  laboratory 
data  such  as  unconfinnd  comprossivo  strorigth,  some  velocity,  density,  and  modulus. 
L*nd  similar  rosults  for  actual  as-placed  rnixturos  havo  bren  archived  in  a  usor-friondly 
Windows-based  computerised  database. 

Tho  databaso  file  .may  bo  quoriod  using  tho  NTS-DB  software.  This  software 
has  boon  organ'zod  with  two  primary  users  in  mind: 

Mixture  dosignorc;  somoono  developing  a  mixture  that  has  a  cortam 
roquiromont.  Foroxamplo,  tho  mixture  must  nt.ain  3000-4000  psi1  (20.7- 
27.6  MPa)  at  14  days  and  must  contain  stool  fibers.  Tho  user  wou'd  specify  a 
Pioporty/Componont  query  (sm  Chaptor  3). 

NTS  oxporimontors:  somoono  who  would  liko  information  about  a  specific 
mixturo  or  tost.  This  usor  must  know  tho  name  of  tho  mixture  or  test,  and  would 
execute  a  Namo  quory  (see  Chaptor  3). 

Tho  available  data  are  dividod  into  two  ma  or  catogorios: 

Laboratory  Data:  data  obtained  from  specimens  prepared  in  tho  lab.  Theso 
data  aro  unique  for  a  givon  mixture,  i.o.,  no  mattor  how  many  different  field  tosts 
usod  tho  mixture,  only  ono  sot  of  laboratory  data  oxists. 

Field  Data:  data  obtained  from  spocimons  prop  d  In  the  fiold.  A  mixture  may 
havo  boon  usod  on  several  tosts,  Data  may  bo  viowod  for  all  tosts  using  tho 
mixturo,  for  a  single  lost,  or  for  a  singlo  location  on  a  single  tost. 

There  are  264  mixture  designs  included  in  the  NTS-DB  databaso  that  wore 
fielded  at  2,132  locations  on  48  underground  nucloar  tosts  botwoon  Fobreary,  1970, 
and  Soptembor,  1992.  Thoro  are  ever  67,000  data  einrios  in  tho  database,  including: 

•  140  grouts,  48  conciotos,  69  greutcrotos.  7  unclassifiod  matorials. 


1  The  English  syston  of  units  is  uooc  in  iho  NTS-DB  software.  This  system  was  choson 
at  tho  sponsor's  (DSWA)  request  and  bocauso  tho  data  wore  org.nally  rocordod  in  the 
English  systom.  SI  units  aro  providod  in  this  manual  for  convonionco. 


•  unconfr.od  compressive  strength ;  between  25  and  15.335  psi. 

•  some  velocities  between  1.230  and  1«  330  ft/soc. 

•  dcnslcs  between  54  and  100  2  lUeu  ft. 


1.2  SCOPE. 

This,  (©port  documents  tf,  »  N“G-OD  software  and  its  use.  Chapter  2  presents 
msta  letion  information  and  doscnbos  chanqos  made  to  your  computer  system  upon 
insta.Ia, ion.  Chaplet  3  documents  the  NTS-DB  software  by  providing  gonoral 
infum.qt.on  on  how  to  initiate  a  query  and  view  the  results.  Chaptor  4  states 
conclusions  and  recommendations. 
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SECTION 

INSTALLING  NTS-DB 


2.1  SYS’  EM  REQUIREMENTS. 

Tho  m'mmum  recommended  svstom  requirements  fer  using  NTS-DB  are: 

Comyutar:  A  486  class  processor.  8  MB  RAM. 

Disk  Space:  10  Mbytes  c  mo  disk  space. 

Monitor:  VGA  (640  x  48t  graphics  adapter. 

Mouse:  bocauso  somo  NTS-DB  loatures  are  not  accessiblo  from  the  keyboard,  a 
mouse  is  recommended. 


2.2  INSTALLATION. 

NTS-DB  files  are  in  compressed  format  on  the  distribution  disks,  therefore  you 
must  uso  the  SETUP  file  included  on  Disk  1.  To  install  NTS-DB  on  your  hard  disk, 

1 .  Insert  Disk  1  into  drive  A  (or  drive  H). 

2.  Choose  RUN  from  the  FILE  menu  ;n  tho  Windows  Program  Manager. 

3.  Type  a'sotup  (or  b:setup),  then  choosa  OK. 

4.  Accept  the  default,  or  type  the  location  for  SETUP  to  install  NTS-DB,  then 
chooso  OK. 


2.3  CHANGES  TO  YOUR  SYSTEM. 

The  filos  listed  bolow,  which  require  approximately  5  Jj  Mbytes  disk  space,  are 
copied  to  your  hard  drive  to  the  \WINDOWS\SYSTEM  dirjdor'  during  the  installation 
procedure.  Many  of  those  files  may  airoady  reside  on  your  hard  drive.  In  these  cases, 
the  files  are  not  rocopied  to  your  system. 


Tho  following  files  are  copied  to  the  \WINDOWS', SYSTEM  directory: 


CHART2FX.VBX  DOA2516.DLL 

C0MDLG16.OCX  MSAJT2G0.DLL 

CGMPGBJ.DLL  M5JETERR.DLL 
CSCMD.VBX  MSJETINT.DLL 

CSCOMBO.VBX  OC25.DLL 

CSTEXT.VBX  OLE2.DLL 

CTL3DV2.DLL  OLE2.REG 


OLE2CONV.DLL  THREED16.0CX 
OLE2DISP.DLL  TRUEGRID.VBX 
OLE2NLS.DLL  TYPELiB.DLL 
OLE2PROX.DLL  VAEN21.0LB 
SCP.DLL  VB4C016.DLL 

STDOLE.TLB  VBAJET.DLL 

STORAGE.DLL  VBDB16.DLL 
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Tho  following  fims  aro  copwd  to  tho  \NTSDO  directory.  Theso  lilos  require 
approximately  4,3  Mbytes  disk  spaco: 

Filonamo _  Function _ 

DATAPOP.MDB  Database  of  mixtures 

NTSDB.EXE  NTSDB  executable  tile 

NTSDB.HLP  NTSDB  online  help  file 

G^M.HLP  Grout  User's  Manual 

Tho  file  DATAPOP.MDB  is  in  Microsoft  Accoss  format.  Tho  contents  of  this  file 
cannot  Do  changed  with  the  NTS-DB  software.  However,  it  is  possible  to  alter  tho  data 
contained  in  tho  DATAPOP.MDB  database  using  other  database  software,  o.g., 
Microsoft  Accoss.  It  is  recommended  that  tho  data  in  DATAPOP.MDB  not  bo  altered. 
Tho  USAE  Waterways  Experiment  Station  will  maintain  tho  datab.,^0  and  provide 
poriodic  updatos  as  additional  data  bocomo  available. 


2.4  CROUT  USER'S  MANUAL 

The  file  GUM.HLP  is  a  Windows  Holp-liko  document  and  is  not  required  to  run 
NTS-DB.  Tho  main  purpose  of  tho  Grout  User's  Manual  is  to  provide  guidance  to  thoso 
who  are  not  knowledgeable  in  tho  area  of  grout  mixture  proportioning,  materials,  mixing, 
and  placing.  It  is  intended  to  provide  very  basic,  elementary  information  and  to  impart  a 
working  knowledge  of  what  is  important  to  insure  a  successful  grout  placomont  near 
instruments  used  to  monitor  explosive  events. 

Tho  Giout  User's  f '  mual  discusses  the  proportioning  or  designing  of  a  mixture 
(how  to  make  it),  actual  r.  „ng  (how  to  mix  it)  and  placomont  (how  to  got  it  in  placo). 
Thoso  throe  phases  are  tho  backbone  of  a  successful  grouting  operation.  Tho 
information  presented  is  neither  limiting  nor  all  inclusive  but  is  intondod  primarily  for 
familiarization.  To  accoss  the  Grout  User's  Manual,  simply  double-click  the  GUM  icon 
in  the  NTS-DB  program  group. 


2.5  TECHNICAL  SUPPORT,  BUG  REPORTS,  AND  COMMENTS. 

Every  effort  has  been  make  to  rid  tho  NTS-DB  software  of  bugs.  Before 
reporting  any  suspoctod  bugs,  it  is  important  that  you  bo  able  to  reproduce  tho 
circumstances  that  led  to  an  error.  Please  include  the  full  version  number  of  the  codo 
in  any  correspondence.  Attempt  to  recreate  tho  error  by  performing  the  same  functions 
that  led  io  it  previously.  A  fuii  description  of  tho  circumstances  loading  to  the  error 
shou  d  bo  addressed  to:  USAE  Waterways  Experiment  Station.  ATTN:  CEWES-SD-R 
(H.  fj.  Whito),  3909  Halls  Ferry  Road,  Vicksburg,  MS  39130-6199.  Technical  questions 
about  mixture  design  or  tho  data  prosontod  by  NTS-DB  should  bo  addressed  to  USAE 
Watorways  Experiment  Station,  ATTN:  CEWES-SC-CA  (B.  H.  Green),  3909  Halls 
Ferry  Road,  Vicksburg,  MS  39180-6199 
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SECTION  3 


USER'S  MANUAL  FOR  NTS-DB 


3.1  GETTING  STARTED. 

To  launch  the  NTS-DG  softwaro.  open  the  NTS-DB  Program  Group  within 
Windows  and  simply  doublo-click  the  NTD-DB  icon  (a  concrete  truck).  An  alternative 
method  of  launching  tho  softwaro  would  bo  to: 

1.  Choose  RUN  from  the  FILE  monu  in  tho  Windows  Program  Manager. 

2.  Typo  path:\nt$db  whore  path,  is  tho  location  of  tho  NTS-DB  software  on  your 
hard  dnvo,  o.g.,  c:\ntsdb. 

3.  Click  OK. 

Tho  structure  of  tho  NTS-DB  program  is  shown  in  Figure  3-1.  Tho  program 
begins  by  loading  tho  Main  Form  (soo  Figure  3-2).  Tho  type  of  query  is  specified  on  tho 
Main  Form,  l.e.,  oithor  a  Property/Componont  query  or  a  Name  quory.  Also,  tho  About 
NTS-DB  Form  (soo  Figure  3-3)  may  bo  accessed  by  clicking  tho  NTS-DB  icon  on  tho 
Main  Form.  Hint,  tho  animation  of  the  concrete  truck  may  bo  stopped  and  started  by 
right-clicking  tho  icon. 


3.2  BEGINNING  A  QUERY. 

Tn  begin  a  quory: 

1.  Start  on  tho  Main  Form  •'  iguio  3-2). 

2.  Choose  to  Query  a  Prc.verty  and/or  Component*,  or  Query  a  Mixture 
Name  or  Teat  Name. 

3.  The  query  process  may  Le  initialized  at  any  time  by  clicking  Cancel. 

3.2.  t  Tn  Query  on  a  Mixture  Namo  or  Test  Name. 

Clicking  Query  a  Mixture  Name  or  Teat  Name  on  tho  Main  Form  (Figure  3-2) 
immediately  displays  tho  Namo  Form  (soe  Figure  3-4).  Soloct  a  mixture  namo  from  tho 
Mixture  Name  List  Box  or  a  test  name  from  the  Test  Name  List  Box. 


*  Buttons/boxos  available  on  various  NTS-DB  forms  are  shown  in  bold  face  type  In  this 
manual.  Definitions  of  tho  buttons/boxos  are  containod  in  tho  Glossary  at  tho  end  of 
this  manual. 


Figure  3-3.  The  About  NTS-DB  Form  is  accessed  by  clicking  the  MTS-DB  icon,  l.e.,  the 
concrete  truck,  on  the  Main  Form. 
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Figure  3-4.  The  Name  Form  is  displayed  in  response  to  a  query  on  a  Mixture  Name  or 
a  Test  Name. 


m 


3.2.2  To  Query  on  Proposes  and/or  Components 

Clicking  Query  a  Property  and/or  Component  on  the  Main  Form  (Figuro  3-2) 
chnngos  the  display  of  tho  Main  Form  so  that  a  quory  may  bo  Initiated,  Prosonted  in 
Figuro  3-5  is  an  oxamplo  of  the  Main  Form  for  a  quory  on  Properties  and/or 
Components. 

Sovoral  pmportios  of  a  mixture  may  bo  quoriod.  Those  includo  Strength, 
Volocity,  Donsity,  Static  Modulus,  Dynamic  Modulus,  Expansion,  Mixturo  Class,  and 
Slump  (laboratory  data  only).  Also,  lha  user  may  choose  to  search  oithor  fiold  data  or 
laboratory  data,  Rofor  to  the  Glossary  at  the  end  of  this  manual  for  definitions  of  each 
of  thoso  terms. 

The  components  used  in  tho  various  mixlurns  containod  in  tho  database  have 
boon  groupod  into  six  catogoiios.  Those  include  Fine  Aggregates,  Coarse  Aggregates, 
Cementitious  Matarials,  Chemical  Admixtures,  Mineral  Admixturos,  and  Othors.  Any 
one  component  from  each  category  may  be  includod  in  a  quory. 

To  spocify  a  quory  criterion: 

1.  If  querying  on  properties,  choose  to  query  oithor  Fiold  Data  or  Laboratory  Data. 
If  laboratory  data  are  chosen,  Slump  may  be  includod  in  tho  quory.  Tho  default 
is  field  data. 

2.  Choose  any  combination  of  properties  on  which  to  query  by  ontoiing  lower 
and/or  upper  bounds  for  tho  property.  You  may  soled  suggested  bounds  by 
clicking  tho  arrow  adjacent  to  the  lower  and  upper  bound  list  boxes  for  t  ach 
property  and  then  clicking  tho  desired  value.  A  more  specific  bound  may  bo 
entered  by  clicking  In  tho  appropriate  list  box  and  simply  *yping  tho  vo'uo.  Note: 
Age  may  be  selected  only  in  combination  with  anothor  proporty. 

3.  If  querying  on  components,  the  choices  for  a  category  are  shown  by  clicking  the 
arrow  adjacent  to  the  associated  list  box.  Then  click  the  component  to  be 
queried.  To  clear  a  component  from  a  query,  click  the  blank  lino  at  the  top  of  tho 
list  of  choices  in  tho  appropriate  list  box.  All  categories  may  be  queried; 
however,  only  one  component  per  category  may  be  selected. 

4.  Click  Continue  to  procood  with  the  query.  If  no  mixtures  meet  tho  specified 
criterion,  NTS-DQ  will  display  a  message  box  indicating  a  null  search,  otherwise 
the  Property/  Componeni  Form  wiii  be  displayed. 


Figure  3-5.  The  Main  Form,  Proporty/Component  Query  is  used  to  develop  a  query 
criterion  by  allowing  the  user  to  specify  bounds  on  propeities  and/or 
to  select  components  to  be  Included  In  the  query. 


3.3  COMMON  FEATURES  OF  THE  PROPERTY/COMPONENT  FORM  AND  NAME 
FORM. 


Tho  P'orHirty/ComponGrit  Form  (soe  Figure  3-6)  nnd  Nnmo  Form  (r.oo 
Figuro  3-4)  havo  similar  formats.  At  tho  top  o I  each  form  are  hit  boxos  that  aro  usod  to 
display  mixture  namos  and  tost  names.  Along  tho  loft  edgo  of  tho  form  are  command 
buttons  that  allow  tho  usor  to  view  information  about  tho  mixture  selected  or  to  bogiri  a 
now  query.  At  tho  bottom  of  tho  fomi  aro  command  buttons  that  invoke  NTS-DB  onlino 
holp  or  return  tho  usor  to  tho  Main  Form.  Tho  oporation  of  NTS-DB  in  rosponso  to  usor 
actions  on  those  forms  is  described  below. 

3.3.1  List  Boxos. 

3.3. 1.1  Proportv/Component  Form,  Wnon  tho  usor  specifies  a  query  on  a  Property 
and/or  Component  on  tho  Main  Form  and  clicks  Continue,  NTS-DB  soarchos  tho 
database  to  find  all  mixtures  that  moot  the  specified  critoricn.  If  no  mixtures  meet  the 
criterion,  NTS-DB  will  display  a  mossago  box  indicating  a  null  search,  otherwise  the 
Proporty/Component  Form  will  bo  displayed.  The  results  of  the  query  are  listed  in  the 
Mixture  Name  List  Box  (see  the  top  of  Figuro  3-6).  Click  the  list  box  to  display  the 
mixture  names.  Once  a  mixture  is  selected,  NTS-DB  soarchos  the  database  to  find  all 
tests  which  used  the  mixture.  The  results  of  the  search  are  displayed  in  tho  Test  Name 
List  Box. 

3.3. 1.2  Name  Form.  If  the  usor  specifies  a  query  on  a  Mixture  Name  or  Tost  Namo  on 
the  Main  Form,  NTS-DB  immediately  displays  the  Name  Form.  NTS-DB  soarchos  the 
database  to  find  all  mixture  names  and  test  names  and  displays  the  results  n  tho 
Mlxturo  Name  List  Box  and  Tost  Name  List  Box,  respectively.  Those  list  boxes  are 
shown  at  tho  top  of  Figure  3-4. 

The  usor  may  select  either  a  mixture  name  or  test  name  from  one  of  tho  list 
boxos.  If  the  usor  selects  a  mixture  name,  NTS-DB  searches  the  database  for  all  tests 
which  used  the  mixture.  Click  on  the  Test  Name  List  Box  to  see  the  results  of  the 
soarch.  If  the  usoi  selects  a  test  name,  NTS-DB  searches  the  database  for  all  mixtures 
used  on  the  tost.  Click  on  the  Mixture  Name  List  Box  to  see  tho  results  of  the  search. 

Each  time  the  mixture  name  or  test  name  is  changed  In  one  of  tho  list  boxos, 
NTS-DB  updates  the  other  list  box  to  rofloct  tho  results  of  tho  soarch.  To  initialize  tho 
query,  the  user  may  select  the  first  item  In  either  of  the  list  boxes,  "Initialize  Lists",  or 
click  initialize  Query  Liste  (described  below}. 

3.3.2  Command  Buttons. 

Several  command  buttons  aro  included  on  the  Property/  Component  Form  and 
Name  Form  (soo  Figures  3-6  and  3-4,  respectively.  The  operation  of  NTS-DB  In 
response  to  user  actions  is  described  below. 
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Figuro  3-6.  The  Proporly/Componont  Form  Is  displayod  in  response  to  a  query  on 
properties  and/or  components. 


Figuro  3>7.  Tho  list  of  materials  (or  components)  usod  in  the  mixture  is  displayed 
aftor  clicking  tho  Materials  List  command  button  on  tho 
Propody/Componont  Form  or  Namo  Form. 
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Button _  Action _ _ 

Materials  List  View  tho  list  of  materials  used  to  prcparo  tho 

mixture  (sco  Figure  3-7).  Two  additional  command 
buttons,  Print  and  Close,  aro  displayed  with  tho 
matorials  list. 

Print  Print  a  hard-copy  of  tho  matorials  list.  Availablo 

aftor  clicking  Materials  List. 

Close  Close  the  matorials  list  display.  Available  after 

clicking  Materials  List. 

Criteria/Notes  Viow  tho  original  criteria  for  tho  mixture  (if 

specified)  and  any  notos  recorded. 

Mixture  and  Plastic  Oisplay  the  Mixture  and  Plastic  Data  Form  (see 

Date  Figure  3-8). 

Lab  Test  Data  Display  tho  Laboratory  Data  Form.  If  this  button  is 
shaded  thon  no  data  are  available  to  plot. 

Field  Teat  Data  Display  the  Field  Data  Plotting  Options  Form.  If 
this  button  is  shadod  thon  no  data  aro  available  to 
plot 

Query  Dlfforent  Availablo  only  on  the  Property/  Component  Form, 

Property/Comp  click  this  button  to  return  to  the  Main  Form,  where 
the  query  may  be  modified  (see  Figure  3-6). 

Initialize  Query  Available  only  on  the  Name  Form,  click  this  button 

Lists  to  list  all  mixture  names  and  tost  names  in  tho  list 

boxes  (see  Figure  3-4). 

Help  Invoke  NTS-DB  online  help. 

Main  Return  to  tho  Main  Form. 


3.4  GENERAL  INFO  FOR  DISPLAYING  PROPERTY  DATA 

Proporty  Data  Is  displayed  using  the  Field  Data  Form  and  tho  Laboratory  Data 
Form.  Prior  to  displaying  tho  Field  Data  Form,  tho  Field  Data  Plotting  Options  Form  is 
displayed,  allowing  tho  user  to  specify  tho  data  to  bo  plotted. 


3.4.1  Field  Data  Plotting  Options  Form, 

The  Field  Data  Plotting  Options  Form  (coo  Figuro  3-9)  is  displayed  in  response 
to  tho  usor  clicking  Frald  Tost  Data  on  oithor  tho  I’roporty/Componont  Form  or  Nemo 
Form.  This  (orm  is  displayod  pnor  io  tho  Fiold  D.ila  Form  and  allows  tho  usor  to  soloct 
which  fiold  data  to  plot.  This  form  is  also  usod  to  display  information  specific  to  a 
mixturo  placomont  at  a  given  location  on  a  fiold  tost. 

Tho  usor  has  tho  following  options: 

Solect  a  Field  Tost:  This  list  box  contains  tho  names  of  all  fiold  tests  which 
includod  tho  soloctod  mixturo.  A  single  tost  may  bo  seloctod  from  tho  list  or  the  first 
entry  in  tho  list,  "View  data  from  all  fiold  tests",  may  ho  soloctod  to  viow  all  tho  data  from 
applicable  fiold  tests.  If  tho  mixturo  was  usod  on  only  ono  fiold  tost  thon  tho  tost  namo 
is  automatically  placed  in  tho  list  box. 

Soloct  a  Location:  Available  if  a  single  tost  is  selected  in  fho  Soloct  a  Fiold  Tost 
List  Box.  Soloct  tho  location  on  a  fiold  tost  to  viow.  A  single  location  may  bo  soloctod 
from  tho  list  or  tho  first  entry  in  tho  list,  “Viow  data  from  all  locations",  may  bo  soloctod 
to  viow  all  data  from  a  single  field  tost.  If  tho  mixturo  was  placed  at  only  one  location 
for  tho  soloctod  tost  thon  tho  location  namo  is  automatically  placod  In  tho  list  box.  Aftor 
a  fiold  locallon  is  soloctod,  tho  Date  Cast,  Tomporaturo  Chango,  and  Notos  for  tho 
location  aro  prosontod  (whon  available) 

Solect  Data  to  Viow:  The  fiold  tost  data  is  dlvidod  into  two  distinct  catogorios, 
Prior  to  Shot  Day  and  Shot  Day.  Property  data  determined  prior  to  tho  date  on  which 
a  field  tost  was  conducted  has  an  associated  Ago,  i.o.,  tho  ago  at  which  tho  spocimon 
wa3  tostod  is  known.  On  the  contrary,  the  ago  at  Shot  Day  Is  unknown.  Thoreforo,  for 
a  history  of  a  propoity,  choose  to  plot  Prior  to  Sho*  Day,  because  Shot  Day  data  can 
not  be  plotted  versus  time. 

Sovoral  command  buttons  are  includod  on  tho  Fiold  Data  Plotting  Options  Form. 
The  operation  of  NTS-DB  in  response  to  usor  actions  is  described  below. 

Button _  Action _ 

Continue  Display  tho  Field  Data  Form. 

Different  Mixture  Return  to  the  Property/Component  or  Namo 

Form  (doponding  on  the  typo  of  query  being 
performed). 

Help  Invoke  NTS-DB  online  holp. 

Main  Rotum  to  tho  Main  Form. 
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3.4.2  Fiold  Data  Form  und  Laboratory  Data  Form. 

The  Fiold  Data  Form  (coo  Figure  3-10)  end  Laboratory  Data  Form  (soe 
Figure  3-11)  have  a  similar  form.-t.  Option  buttons  allow  the  user  to  choose  tho 
property  to  be  plotted  on  both  the  x-  and  y-axes.  Any  two  properties  rnay  be  plotted 
against  one  another,  with  the  following  exceptions: 

1 .  Age  may  not  be  plotted  on  the  y-axis. 

2.  A  property  may  not  be  plotted  against  itself. 

3.  If  no  data  are  available  for  a  given  property,  the  option  button  is  disabled 
(appearing  gray),  preventing  tho  user  from  selecting  it. 

The  user  may  choose  from  the  following  properties  (when  available):  strength, 
velocity,  density,  static  modulus,  dynamic  modulus,  expansion,  and  age  (x-axis  only). 
The  default  seloctions  are  Strength  versus  Age. 

Several  command  buttons  are  included  on  the  Field  Data  Form  and  Laboratory 
Data  Form.  The  operation  of  NTS-DB  in  response  to  user  actions  is  described  below. 

Button _ Action _ 

Plot  Data  Display  a  scatter  plot  of  the  specified  data. 

Different  Mixture  Return  to  the  Property/Component  or  Name 

Form  (depending  on  the  type  of  query  being 
performed). 

Different  Options  Available  only  on  the  Field  Data  Form.  Click 

Different  Options  to  return  to  tho  Field  Data 
Plotting  Options  Form  (described  above). 

Help  Invoke  NTS-DB  online  help. 

Main  Return  to  the  Main  Form. 


Once  the  data  are  displayed,  a  button  bar  is  presented  that  allows  the  user  to 
alter  the  display  and  export  the  data  and/or  graph.  Exporting  options  include: 

1 .  Saving  ihe  data  values  to  a  file. 

2.  Copying  the  plot  image  to  the  clipboard. 

3.  Copying  the  data  values  to  the  clipboard. 

4.  Printing  a  hard  copy  of  the  plot  image. 

The  appoarance  of  the  display  may  be  altered  to: 

1 .  Switch  between  2-D  and  3-D  views  of  tho  graph  (limited  usefulness). 


Figure  3-11.  The  Laboratory  Data  Form  is  used  to  display  property  data  determined  in 
the  laboratory. 
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2.  Rotato  (ho  3-D  imago  of  tho  graph  (3-D  only,  limitod  usefulness). 

3.  Spread  (ho  individual  data  sorios  along  tho  z-axis  (3-D  only,  limited 
usefulness). 

4.  Zoom-in  on  an  area  of  tho  plot.  Noto:  tho  axes  are  not  viable  in  tho  zoom 
modo. 

5.  Display  a  logond  of  tho  sonos  namos  (Field  Data  only). 

6.  Duplay  vortical  gnd  linos. 

7.  Display  honzontal  grid  linos. 

8.  Chango  tho  text  displayed, 

9.  Chango  tho  font  of  tho  'itlos. 

10.  Chango  tho  colors  and/or  pattoms  of  tho  display,  view  the  y-valuos  of  tho 
data. 

1 1.Opon  a  toolbox  that  allows  tho  user  many  options  for  altering  the  display. 


Hints'. 

1.  Doublo-click  on  a  data  point  to  soe  its  (x,y)  data  valuos  and  sonos  name 
(Field  Data  only). 

2.  Experiment  with  the  data  display  using  the  buttons  presented  on  tho  button 
bar.  Tho  usor  cannot  alter  tho  data  contained  in  tho  database.  To  restore 
the  display  dofaufts  simply  click  Dlfforent  Mixluro  or  Different  Options  and 
thon  return  onco  again  to  tho  Field  Data  Form  or  Laboratory  Data  Form. 


SECTION  4 


CONCLUSIONS  AND  RECOMMENDATIONS 


4.1  CONCLUSIONS. 

Tho  U.S.  Army  Enginoor  Waterways  Exporimant  Station  was  actively  Involvod  In 
tho  dovolopmont,  tosning,  and  fielding  of  a  wido  variety  of  grout  and  concroto  mixtures 
In  support  of  underground  nucloar  weapons  offocts  testing  programs  at  tho  Nevada 
Tost  Site.  Detailed  information  on  mixture  designs,  laboratory  data  such  as  unconlined 
compressive  strongth,  sonic  velocity,  donsrty,  and  modulus,  and  similar  results  for 
actual  as-placod  mixtures  have  boon  archived  In  a  computerized  database.  The 
-joftwaro,  ontitlod  NTS-DB  Nevada  Iosi  Site  •  Database),  used  to  query  this  database 
is  a  usar-friondly  Windows-format  code  that  provides  almost  unlimited  flexibility  in 
specifying  a  query  criterion. 

Also  provided  with  the  NTS-DB  software  and  databaso  is  the  Windows  Help-like 
Grout  User's  Manual.  'Hie  manual  provides  guidance  to  those  who  are  not 
knowlodgeable  in  the  area  of  grout  mlxtuto  proportioning,  materials,  mixing,  and 
placing.  It  presents  very  basic,  elementary  information  in  ordor  to  impart  a  working 
knowledge  of  what  is  Important  to  insure  a  succossful  grout  placement  near  instruments 
used  to  monitor  explosive  events. 


4.2  RECOMMENDATIONS. 

The  expertise  developed  by  WES  over  tho  many  years  of  service  at  NTS  has 
enabled  WES  to  bettor  serve  other  sponsors  as  well.  The  Generic  Grout  Families 
study,  conducted  for  the  Corps  of  Engineers,  drew  heavily  upon  the  experience  gained 
from  WES's  participation  on  tho  underground  nucloar  tosts  at  NTS.  The  mixtures 
developed  for  use  at  NTS  typically  contain  several  exotic  ingredients.  Those  special 
ingrodionts  were  used  to  moet  n  specific  requirement  for  a  particular  placement  of  a 
given  mixture.  It  was  thought  that  mixtures  based  on  generic/common  ingredients 
would  be  useful  as  less  complex  points-of-depanure  for  future  mixtures.  Under  this 
study  13  families  of  grouts  were  identified.  Each  family  was  categorized  based  on  the 
Ingrodionts  In  tho  mixture,  e.g.,  Family  1  is  cement  and  water;  Frmily  2  is  cement, 
water,  end  bentonite;  and  Family  7  is  cemont,  water,  sand,  and  fly  ash.  The  result  of 
this  study  Is  a  comprehensive  matrix  of  mixturos  that  can  be  used  by  the  layman 
mixture  designer. 

It  is  recommended  that  the  Generic  Grout  Families  database  be  coupled  with  the 
NTS-DB  software.  The  Inclusion  of  tho  database  could  be  manifested  in  one  of  two 
ways.  One  method  would  be  to  create  a  stand-alone  query  code,  similar  to  NTS-DB. 
Tho  preferred  method  for  including  tho  additional  data  would  be  to  modify  tho  NTS-DB 
software  by  simply  adding  an  option  to  query  the  gonoric  familios  data.  A  form  similar 
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to  that  available  for  a  Proporty/Componom  query  could  bo  used  to  develop  a  critorion 
foi  querying  the  generic  families  database. 


APPENDIX 


GLOSSARY  OF  TERMS 


A  ge 

Time,  in  days,  at  which  a  specimen  was  tested. 

Air  Content 

The  volume  of  air  voids  in  cement  paste,  exclusive  of  pore  space  in  aggregate  particles, 
expressed  as  a  percentage  of  total  volume  of  the  mixture;  determined  according  to 
ASTM  C  231  or  COE  CRD  C  41.  Available  for  laboratory  data  only. 

Presented  on  the  Mixture  and  Plastic  Data  Form 

Bleeding 

The  autogenous  flow  of  mixing  water  within,  or  its  emergence  from  a  newly  placed 
mixture;  caused  by  the  settlement  of  the  solid  materials  within  the  mass;  determined 
according  to  ASTM  C  940  (grouts}  u  COE  CHD  C  613.  Available  for  laboratory  data 
only. 

Presented  on  the  Mixture  and  Plastic  Data  Form. 

By  Weight  Of 

A  listing  of  the  cementitious  materials  used  io  calculate  the  water/cement  ratio. 

Available  for  laboratory  data  only 

Presented  on  the  Mixture  and  Plastic  Data  Form. 

Hint  Click  the  Materials  List  command  button  for  a  list  of  materials  used  in  the  mixture. 
Cancel 

Click  Cancel  to  cancel  the  specified  query. 

Available  on  the  Main  Form. 

Cementitious  Fector 

A  measure  of  cementitious  materials  in  the  mixture,  expressed  as  bags/cu  yd. 

Available  for  laboratory  data  only. 

Presented  on  the  Mixture  and  Plastic  Data  Form. 


A-1 


Close 

Click  Close  to  closo  tho  Materials  List  disj  by  for  a  mixture. 

Available  on  tho  Proporty/Componont  and  Nama  Forms  after  tho  Materials  List  button  is 
clickod. 

Component 

A  material  used  in  the  dosign  of  a  mixture. 

Continue,  Field  Onto  Plotting  Options  Form 
Click  Continue  to  display  the  Field  Data  Form. 

Continue,  Main  Form 

Click  Continue  to  execute  the  specified  query. 

Criteria/Notes 

C*ick  Critoria/Notes  to  view  the  original  criteria  tor  the  mixture  (if  specified)  and  any 
notes  recorded. 

Available  on  mo  Proporty/Componont  and  Name  Forms. 

Date  Cast 

The  date  the  mixture  was  placed  at  a  location  on  a  field  test. 

Presented  on  tho  Field  Data  Plotting  Options  Form  (when  available)  after  selecting  an 
item  from  tho  Select  a  Location  List  Box. 

Density 

Mass  per  unit  volume  of  the  mixture,  expressed  as  Ib/cu  ft;  determined  according  to 
ASTM  C  642. 

Different  Mixture 

Click  Different  Mixture  to  return  to  the  Property/Component  or  Name  Form  (depending 
on  the  typo  of  query  being  performed). 

Different  Options 

Click  Different  Options  to  return  to  the  Field  Data  Plotting  Options  Form. 

Available  on  the  Field  Data  Form. 

Dynamic  Modulus 

The  modulus  of  olasticity  computed  from  the  size,  weight,  shape,  and  fundamental 
frequency  of  vibration  of  a  specimen,  or  from  pulse  velocity,  according  to  ASTM  C  215. 
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Exit 

Click  Exit  to  quit  NTS-DB. 

Available  on  tho  Wain  Form. 

Expansion 

Material  propoity  determined  according  to  ASTM  C  878  and  C  490.  Positive  expansion 
indicates  on  incroaso  in  volume.  Negative  expansion  indicates  a  decrease  in  volume, 
i.e.,  shrinkage. 

Retd  Date 

Data  obtainod  from  specimens  prepared  in  the  field  (Nevada  Test  Site).  A  query  of  field 
data  searches  ell  the  field  data  and  returns  mixtures  which  meet  the  specified  criterion. 

Reid  Test  Data 

Click  Field  Teat  Data  to  display  the  Field  Data  Plotting  Options  Form.  This  item  is 
disabled  if  there  are  no  data  available  to  plot. 

Available  on  the  Property/Component  and  Name  Forms. 

Flow 

A  measure  of  the  consistency  of  a  grout  In  which  a  predetermined  volume  is  permitted 
to  escape  through  a  precisely  sized  orifice,  the  time  of  efflux  being  used  as  tho 
indication  of  consistency;  dotormined  according  to  ASTM  C  939.  Available  for 
laboratory  data  only. 

Presented  on  the  Mixture  and  Plastic  Data  Form. 

Groutcrete 

A  mixture  that  exhibits  properties  generally  betwoen  those  typical  for  grouts  or 
concretes;  similar  to  mortar. 

Help 

Click  Help  to  invoke  NTS-DB  online  help. 

Initialize  Query  Uata 

Click  Initialize  Query  Lists  to  list  all  mixture  names  and  test  names  in  the  list  boxes. 
Available  on  the  Name  Form. 
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Lab  Tost  Data 

Click  Lab  Tost  Data  to  display  the  Laboratory  Data  Form.  This  Item  is  disabled  if  thoro 
are  no  data  availablo  to  plot. 

Available  on  the  Proporty/Componorit  and  Name  Forms. 

Laboratory  Data 

Data  obtained  from  specimens  proparod  in  the  laboratory.  A  quory  of  laboratory  data 
searches  all  the  laboratory  data  and  returns  mixturos  which  meet  the  specified  criterion. 

The  laboratory  data  for  a  given  mixture  Is  unique  i.e.,  only  one  set  of  laboratory  data 
exists  for  the  mixture,  even  though  it  may  have  been  used  on  numerous  tests.  As  a 
result  the  total  amount  of  laboratory  data  available  for  query,  while  quite  large,  is 
considerably  smaller  than  the  sot  of  field  data. 

Main 

Click  Main  to  return  to  the  Main  Form. 

Materials  List 

Click  Materiais  List  to  view  a  list  of  materials  used  to  prepare  the  mixture. 

Available  on  the  Propedy/Componont  and  Name  Forms. 

Mixture  and  Plastic  Data 

Click  Mixture  and  Plastic  Data  to  display  the  Mixture  and  Plastic  Data  Form. 

Available  on  the  Property/Component  and  Name  Forms. 

Mixture  Class 

Mixtures  included  in  the  database  are  placed  into  three  general  classes:  Grout, 
Concrete,  or  Groutcrete. 

Presented  on  the  Mixture  and  Plastic  Data  Form. 

Mixture  Name 
The  name  of  a  mixture. 

The  names,  for  the  most  part,  were  assigned  by  WES  personnel.  A  loosely  applied 
guide  was  followed  In  naming  many  (not  all)  o)  the  mixtures.  The  first  two  initials 
generally  rofer  to  a  Test  Name,  e.g.  a  mixture  developed  for  the  test  Diamond  Skulls 
might  begin  with  DS.  Other  initials  often  rofer  to  the  type  of  mixture,  e.g.,  a  groutcrete 
(gc)  or  a  high  strength  grout  (hsg).  Still  other  initials  or  numbers  may  represent 
modifications  to  a  mixture  through  the  substitution  of  a  component. 
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Mixture  Name  List  Box,  Name  Form 

Initially,  this  lls*  box  contains  all  tho  mlxt'ire  ,iamos  In  tho  database.  If  a  mixturo  namo 
Is  soioctod,  NTS-DB  searches  the  database  for  all  tosis  which  used  tho  mixturo  and 
displays  the  results  in  the  Tost  Namo  List  Box. 

If  a  tost  is  selected  from  the  Tost  Namo  List  Box,  NTS-DB  searches  tho  database  for  all 
mixtures  used  on  the  tost  and  displays  the  results  in  tho  Mixture  Namo  List  Box. 

Mixture  Name  List  Box,  Property/Component  Form 

Click  tho  Mixture  Name  List  Box  to  display  tho  mixture  narnos  that  meet  tho  specified 
p  ..porty  criterion  and/or  contain  the  specified  component(s).  Once  a  mixturo  is 
selected,  NTS-DB  searches  the  database  to  find  all  tests  which  used  the  mixture.  Tho 
results  of  the  search  are  disolayod  in  the  Test  Name  List  Box,  Property/Componont 
Form. 

Notes 

Any  note  recorded  for  a  mixturo. 

Laboratory  notes  are  presented  by  clicking  the  Criteria/ Notes  button  on  the 
Proporty/Component  or  Name  Fo<ms. 

Field  notes,  specific  to  a  location  on  a  test,  are  presented  on  the  Field  Data  Plotting 
Options  Form  (whan  available)  after  selecting  an  item  from  the  Solect  a  Location  List 
Box. 

NTS-DB  Icon 

Click  tho  Icon  to  display  the  About  NTS-DB  Form. 

Available  on  the  Main  Form. 

Plot  Data 

Click  Plot  Data  to  display  a  scatter  plot  of  the  specified  data. 

Available  on  the  Laboratory  Data  and  Field  Data  Foi  ns. 

Plot  Display 

Visible  on  the  Laboratory  or  Field  Data  Forms  after  clicking  the  Plot  Data  button. 

Hint  Double-click  on  a  data  point  to  see  its  (x,y)  values. 

Plotting,  Display  Commsnds 

These  buttons  allow  the  user  to  Iter  the  Plot  Display, 

Available  on  the  Laboratory  or  Field  Data  Forms  after  clicking  tho  Plot  Data  button. 
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Plotting,  Export  Commands 

Thoso  buttons  allow  tho  user  to  savo  tho  data  valuos  to  a  file,  copy  tho  plot  imago  to 
tho  clipboard,  copy  tho  data  valuos  to  tho  clipboard,  and  print  a  hard  copy  of  tho  plot 
imago. 

Availablo  on  tho  Laboratory  or  Fiold  Data  Forms  after  clicking  tho  Plot  Data  button. 

Print 

Click  Print  to  print  a  hard-copy  of  the  Materials  List  for  a  mixture. 

Availablo  on  the  Proporty/Componont  and  Name  Forms  aftor  tho  Materials  List  button  is 
clicked. 

Prior  to  Shot  Day 

Click  this  option  to  viow  property  data  determined  Prior  To  Shot  Day. 

Available  on  the  Fiold  Data  Plotting  Options  Form. 

roperty 

A  material  property  of  a  mixture  determined  from  standard  tost  procedures.  For 
example,  unconfined  compressive  strongth,  donsity,  or  static  modulus. 

Query 

Tho  process  by  which  the  database  is  searched,  depending  on  parameters  selected  by 
the  user. 

Query  a  Property  and/or  Component 

Click  Query  a  Property  and/or  Componont  to  Initiate  a  Proporty/Componont  query. 
Availablo  initially  on  tho  Main  Form  or  after  clicking  Cancel. 

Query  a  Mixture  Name  or  Teat  Nome 
Click  Query  a  Mixture  Name  or  Test  Name  to  initiate  a  Name  query. 

Available  initially  on  the  Main  Form  or  after  clicking  Cancel. 

Query  Different  Property/Comp 

Click  Query  Different  Property/Comp  to  return  to  the  Main  Form  where  the  query  may 
be  modified. 

Available  on  tho  Property/Component  Form. 


Soloct  a  Hgld  Tout 

Soloct  tho  field  tost  data  to  view.  A  singlo  tost  or  all  tosts  using  tho  mixturo  may  bo 
seloctod.  If  a  singlo  tost  is  soloctod,  tho  Soloct  a  Location  List  Box  is  prosontod. 

Availablo  on  tho  Field  Data  Plotting  Options  Form. 

Soloct  a  Location 

Soloct  tho  location  on  a  field  tost  to  view.  A  single  location  or  all  locations  cn  a  tost  may 
bo  soloctod. 

After  a  field  location  is  soloctod,  tho  Dato  Cast,  Temperature  Change,  and  Notes  for  tho 
location  are  presented  (whon  availablo). 

Available  on  tho  Field  Data  Plotting  Options  Form  if  a  singlo  tost  is  seloctod  in  tho 
Select  a  Fiold  Tost  List  Box. 

Select  a  Mixture 

A  mixture  must  be  solectod  from  the  Mixturo  Name  List  Box,  Proporty/Component 
Form.  Onco  seloctod,  NTS-DB  searches  the  database  for  information  about  the 
mixture. 

Availablo  on  the  Proporty/Componont  Form. 

Select  a  Mixturo  arid/or  Test  Name 

Each  tlmo  tho  mixturo  name  or  tost  name  is  changed  in  Mixture  Name  List  Box  or  Tost 
Name  List  Box  on  the  Name  Form,  respectively,  NTS-DB  updates  the  other  list  box  to 
reflect  the  results  of  the  search. 

To  initialize  the  query,  the  user  may  select  the  first  item  in  either  of  the  list  boxos 
■Initialize  Lists",  or  click  tho  Initialize  Query  Lists  button. 

Available  on  the  Name  Form. 

Soloct  Data  to  Vlow 

Choose  to  vlow  properties  determined  Prior  tc  Shot  Day  or  on  Shot  Day. 

Availablo  on  the  Fiold  Data  Plotting  Options  Form. 

Select  the  X-Axis 

Choose  the  parameter  to  plot  along  tho  x-axIs.  The  dofauit  Is  Age.  NTS-DB  prevents 
the  usor  from  making  a  selection  for  which  thoro  are  no  data,  i.e.,  tho  options  are 
disablod  (appearing  gray)  if  there  are  no  data  available. 

Availablo  jn  tho  Laboratory  Data  and  Field  Data  Forms. 


Select  the  Y-Axis 

Chooso  tho  poramotjr  to  plot  along  tho  y-axis.  Tho  Jjfault  is  Strength.  NTS-OB 
prevents  tho  user  from  making  a  sol.'ctiun  for  vvh;cl i  thoro  aro  no  data,  i.o.,  tho  oohons 
are  disabled  (appearing  gray)  It  tnore  aro  no  data  available. 

Availablo  on  iho  Labor.itoiy  Data  and  Fiold  Data  Forms. 

Sot 

Tho  condition  roaohod  by  a  mixture  whop  ii  has  lost  plasticity  to  an  arbitrary  dngreo, 
usually  measured  in  ionns  of  resistance  to  ponotiotion  or  deformation.  Initial  sot  rotors 
to  first  stiffening;  final  sot  re.'ors  to  attainment  of  significant  rigidity;  dotorminod 
according  to  ASTM  C  403  (concretes)  or  A3TM  C  953  (grouts).  Available  for  laboratory 
data  only. 

Prosontod  on  tho  Mixture  arid  Plastic  Data  Form. 

Shot  Day 

The  day  a  field  tost  was  conductod  at  ihe  Nevada  Test  Site. 

Click  this  option  to  viow  property  data  determined  on  Shot  Day.  The  ago  at  which  tho 
properties  woro  deiorminod  ip  not  available  for  this  option. 

Available  on  the  Field  Data  Plotting  Options  Form. 

Slump 

A  mousure  of  consistency  of  a  freshly  mixed  concrete  or  groutcreto  equal  to  the 
subsidence  measured  to  the  nearest  1/4  in.  of  the  moldod  specimen  immediately  after 
removal  of  the  slump  cor.o;  determined  according  to  ASTM  C  143.  Available  for 
laboratory  data  only. 

Presented  on  the  Mixture  and  Plastic  Data  Form. 

Static  Modulus 

The  value  cl  Young's  modulus  of  elasticity  obtained  by  arbitrary  criteria  from  measured 
stress-strain  relationships  derived  from  other  than  dynamic  loading;  determirmd 
according  to  ASTM  C  469. 

Strength 

Unconfinod  compressive  strength;  the  measured  maximum  resistance  of  a  mixture  to 
axial  loading,  expressed  as  Ib/sq.  in.;  determined  according  to  ASTM  C  39. 

Tomporature  Chango 

Tho  measured  rise  in  tomporature  of  a  mixture;  dotorminod  according  to  ASTM  D  1064. 
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Tost  Name 

The  name  of  a  tost  conducted  at  the  Nevada  Test  Site  (NTS). 

Teat  Namo  List  Box,  Nome  Form 

Initially,  this  list  box  contains  all  the  tost  names  in  tho  database.  If  a  tost  namo  is 
selected,  NTS-DB  searches  the  database  for  all  mixtures  used  on  the  test  and  displays 
tho  results  in  tho  Mixture  Name  List  Box. 

If  a  mixture  is  selected  from  the  Mixture  Name  List  Box,  NTS-DB  searches  the 
database  for  all  tosts  that  used  the  mixture  and  displays  the  results  in  the  Tost  Namo 
List  Box. 

Tost  Name  List  Box,  Property/Component  Form 

Click  the  Test  Name  List  Box  to  display  the  test  names  that  used  the  mixture  selected 
in  the  Mixture  Name  List  Box. 

Unit  Weight 

Weight  per  unit  volume  of  the  mixture,  expressed  as  Ib/cu  ft;  determined  according  to 
ASTM  B  138. 

Presonted  on  the  Mixture  and  Plastic  Data  Form. 

Velocity 

Sonic  (or  pulse)  velocity;  determined  according  to  ASTM  C  597. 

Water/Cement  Ratio 

The  ratio  of  the  amount  of  water,  exclusive  only  of  that  absorbed  by  the  aggregates,  to 
the  amount  of  cemont  in  a  mixture. 

Presented  on  the  Mixture  and  Plastic  Dn*a  Fonn. 
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ATTN:  FCTTS  D  SEEMANN 
ATTN:  FCTTS  Q  GOOOTELLOW 
ATTH:  FCTTS  J  LEVERETTE 
ATTN:  FCTTS  LTCOL  AULETTA 
ATTN:  rCTTS  P  RANDLES 
ATTN:  FCTTS  R  HENNY 
ATTN:  FCTTS  R  MCCRORY 
ATTN:  FCTTS  DR  REINKE 
ATTN:  FCTTS,  E  MARTINEZ 
ATTN:  FCTTS  E  TREMBA 
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OFFICE  or  SPECIAL  TECHNOLOGY 
ATTH  J  DAVID 


U  S  ARMY  AVIATION  CENTER  S  FT  RUCKER 
ATTN;  ATZO-CDC-C  TORRENCE 


DEPART  WENT  OF  THE  ARMY 

ADVANCED  RESEARCH  PROJECT  AGENCY 
ATTN:  DM  (AEROSPACE  S  STRATEGIC 
TECHNOLOGY  Of  C) 

ATTN:  DIRECTOR 
ATTN  URRARY 

ARMY  REBEAARCH  LABORATORIES 
ATTN:  (TECH  LIB) 

ATTN:  AMSRL-OP-SD-TL 
ATTN:  AMSRL-SL-CN  E  FIORAVANTE 
ATTN:  ANSRL-WT-NB-UARY  ABE 
ATTN:  OELHO-TM,  TECH  UB 

U  8  ARMY  f  n  Of  ENGINEERS 

ATTN;  VJ  QAUBE 

U  8  ARMY  DEP CHOP  STAFF  FOR  OPS  B  PLANS 
ATTN:  DAMO-NCN 
ATTN;  OAMO-S’.VN 

U  BARMY  WAN  COLLEGE 
ATTN:  LIBRARY 

U  B  ARMY  DEPUTY  COMMANDER  MOSTC 
ATTN:  CSSD-SL-L 
ATTN:  C8SO-WD 

MISSILE  DEFESE  S  SPACE  TECHNOLOGY  CTR 
ATTN:  CS3D-TC-SR 

NATICK  R  4  D  CENTER 

ATTN:  B  OICAI9TAFANO 
ATTN:  0  CALAR  ELLA 

UB  ARMY  NATIONAL  RANOE  METEOROLOGY 

BRANCH 

ATTN:  STEWS-NRO-OA-8/T  C  JAM  EON 

NUCLEAR  EFFECTS  DIVISION 


US  ARMY  AVIATION  SYSTEMS  CMO 

ATTN.  AMCPEO-LHX'TV  (D  DCIOLER) 

U  S  ARMY  CORP  OF  ENGINEERS 
ATTN:  CERD-L 
ATTN:  DAEN-RDL 

U  8  ARMY  CORPS  OF  ENGINEERS 

ATTN:  CEMRO-ED-SW/W  GAUBE 

U  S  ARMY  ENGINEER  DIV  HUNTSVILLE 
ATTN:  HNOED-SY 

U  S  ARMY  ENGR  WATERWAYS  EXPER  STATION 

2  CY  ATTN:  B  H  GREEN 

ATTN:  B  PHILLIPS  (CEWES-SO) 

ATTN:  CEWES-SO-R  B  ROMANI 
ATTN:  CEWES-SO-R  C  WELCH 
ATTN:  CEWES-SC  B  NEELEY 
ATTN:  CEWES-SC.  DWALLEY 
ATTN:  CEWES-SD 
ATTN:  CEWES-SO  O.  R  MOXLEY 
22  CY  ATTN:  CCWCS-SD-R  HOWARD  WHITE 
ATTN:  CEWES-SO-WB  ROHORRI 
ATTN:  CEWES-SE  (MR  L  K  DAVIS) 

ATTN:  CEWES-SS-E.  D  COLTHARP 
ATTN:  CEWES-5S-R  (W  MUFF) 

ATTN:  CEWESS-SS-RE,  RANDY  HOLMES 
ATTN:  D  FULLER.  CEWES-SE-R 
ATTN:  D  RICKMAN.  CEWES-SE-R 
ATTN:  D  TILS  ON 

ATTN:  E  JACKSON,  CEWES-SD-R 
ATTN:  F  DALLRIVA,  CEWES-SS-R 
ATTN:  F  LEAKE 

ATTN:  CEWES-SO-R  J  WINDHAM 
ATTN:  J  ZELASKO.  CEWES-SD4S 

3  CY  ATTN:  M  HOSSLEY,  CEV'ES-SM 

ATTN:  MARK  GREEN 
ATTN:  MR  8  SCOTT 
ATTH;  WESOE-ft  R  WELCH 
ATTN:  8  WOODSON,  CEWES-SS^ 
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U  >  ARMY  NATIONAL  GROUND  INTELLIGENCE 

CENTER 

ATTN:  C  WARD 

ATTN:  DOCUMENT  CONTROL 

ATTN:  IAFITC-KUT 

U  S  ARMY  NUCLEAR  A  CHEMKTV  AGENCY 
ATTN:  MONA-AD  l  liiRARY 

U  S  ARMY  RESEARCH  DEV  A  ENGR9  CTR 
ATTN:  CTRKO-UE  T  Cuv-*<*tv 
ATTN:  STRNC-T9C  J  ROACH 

U  S  ARMY  RESEARCH  LAS 

ATTN:  Q  DUNAWAY  (AT-WS) 

ATTN:  J  DAVIS  vAT-M) 

ATTN:  SLCASAE-T  MR  AAUETER 
ATTN.  SLCA&-AS 

U  »  ARMY  REAtEARCH  LAS 

ATTN:  AMSRL-OP-CLC.  TECH  LIBRARY 
ATTN:  AMSRL-SL-B  (DR  KLOPCJC) 

ATTN:  AUSHL-WT-NC  (LOTTERO) 

ATTN:  AMSRl.'WR-NC  J  PC'  K 
ATTN:  AMSRL-WT-NC.  J  SULUVAN 
ATTN:  A*49RL-WT-YA(0  BULMASH) 

2  CY  ATTN;  SLCBR-OO-T  (TECH  UB) 

ATTN:  SLCBR-SS-T  (TECH  UB) 

ATTN:  SLCBR-TBO,  P  MULLER 

U  B  ARMY  TEST  AND  EVALUATION  COMMAND 
ATTN:  TECHNICAL  UBRARY  ALP 

U 1  ARMY  AVIATION  AND  TROOP  COMMAND 
ATTN:  AMCPEO-LHX-TV  (MARK  SMITH) 

U  S  ARMY  MATERIEL  BYB  ANALYSII  ACTIVITY 
ATTN:  ANKSY-CR 

U  •  ARMY  TANK  AUTOMOTIVE  COMMAND 
ATTN:  A  MSTAUSK  (ARMOR  ENG  BR) 

U  B  ARMY  CML  A  BIOLOGJCALY  DEFENSE  CMO 
ATTN:  AMSCB-BDUJ  CANNAUATO 

DEPARTMENT  OP  THE  NAVY 

DAVID  TAYLOR  RESEARCH  CENTER 

ATTN:  COOE  17302  MR  BARTLETT 
ATTN:  M  CRITCHFIELD,  COOE  1730.2 


NAVAL  SURFACE  WARFARE  CENTER 
2  CY  ATTN;  COOE  HUT  MICHAEL  SWISDAK 

NAVAL  PLANT  REPRESENTATIVE  OFFICE 
ATTN:  R  R  MESS 

NAVAL  POST  GRADUATE  SCHOOL 
ATTN:  COOE  S2/UBRARY 
ATTN:  MS  «.  X  UARUYAMA 
ATTN;  PROF  DONALD  L  WALTERS 
.'.TTN:  SUPERINTENDENT 

NAVAL  RESEARCH  LAB 

ATTN:  CODE  4040  0  BOOK 
ATTN:  CODE  4003  0  BOOK 
ATTN;  COOE  S227  RESEARCH  REPORT 
ATTN:  JACOB  GRUN  (CODE  STBS) 

NAVAL  SURFACE  WARFARE  CENTER 
ATTN:  COOE  Hil 
ATTN:  TECHNICAL  UBRARY 

NAVAL  UNDERSFA  WARFARE  CENTER 
ATTN:  TECH  UB 

NAWC-WD 

ATTN:  COOE  2W  C  AUSTIN 
ATTN:  CODE  343 

ATTN:  COOE  47332C  D  ►XRIOSTAD 
ATTN:  L  JOSEPHSON 
ATTN:  UBRARY 
ATTN:  VX-#  IT  OVERSON 

NFESC 

ATTN;  COOE  LB4,  LORY 

NUWC,  DCTATCHMENT  NLON 
ATTN:  COOE  C2B1 

OFFICE  Of  CHIEF  NAVAL  OPERATIONS 

ATTN:  NUC  AFFAIRS  t  INTI  NEOOT  BR  (N314) 

OFFICE  Of  NAVAL  RESEARCH 
ATTN:  CODE  334 

USAAVNC 

ATTN;  MR  TORRANCE 
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MrMTMWT  OP  THi  AW  PORC* 

AF  CENTER  FOR  STUCMEC  S  ANALYSIS 

ATTK  AFSAA/SAL  RM 1CT63  THE  PENTAGON 

AM  UNIVERSITY  LIBRARY 
ATTN:  LOS 
ATTN:  AUL-L8E 

USAP  OET  t,  BHH  WINO 

ATTN:  CRT  VAN  OE  BERRY 
ATTN:  IT  COL  BELL 
ATTN:  MAJ  OOLSON 

USAP  OET  2  AFOTEC/TF 

ATTN;  MAJ  HWHTriNO 

USAP  HQ  ACC/OR  PW 

ATTN:  LT  COL  LEWIS 

USAP  HQ  ACCANAA 

ATTN:  MAJ  CRONE 

USAP  AN 

ATTN:  IN  RM  4AB32 

HQ407  K2INOT 
ATTN:  INT 

NATIONAL  AIR  INTELLIGENCE  CENTER 
ATTN:  SOMQA  A  SPRING 
ATTN:  SQDEI  MR  SONOEROELT 

PHILLIPS  LABORATORY 

ATTN:  DR  SUVINSKY  PUVT-S 
ATTN:  JO  FRISSIE.  Pl/WS 
ATTN:  OUNS 
ATTN:  PU1UL 

SAN  ANTONIO  AM  LOGISTICS  CTR 

ATTN:  ALC/S»V  MR  P  CRISTADORO 

USAP  (MJU.CA31A 
4  CY  ATTN:  B  SHADOW 

USAMFORCE/FSTC 

ATTN:  CART  WHITWORTH 

US  SPACE CONMANO 

ATTN:  LT  COL  OE  RITCHIE 


WRIGHT  LABORATORY 

ATTN:  MAJ  FRASIER 
ATTN:  MAJ  CANS  WUMNMW 
ATTN'  m*M.  A  WEMORT8 
ATTN:  MNSA  MR  PIENGE 

WRIGHT  LABORATORY 

ATTN:  WLAIVC-OL  0  VICKER8 
ATTN:  Wl-FIVC-Ot  LIBRARY 
ATTN:  WL-FIVC3  (S  STRICKLAND) 

WRIGHT  LABORTORY 

ATTN:  WL  MNMP,  D  HAYLE8 
ATTN:  WL  MNMP.  5  TEEL 

XORC/BD 

ATTN;  LTCOL  BISHOP 
ATTN:  MAJ  BREWER 

USAP  28TH  TS/1XWS 

ATTN;  MAJOR  KREQER 

USAP  40TH  TEST  SQUADRON 
ATTN:  DOOA,  T  MARTSOE 
ATTN:  DOUt.  R  KNOWLES 

USAP  <7TH  WING 

ATTN:  CPT  NEWMAN 
ATTN:  LTC  SMITH 

USAP  48TH  TESTSIDO 

ATTN:  LT  ELMOHT 
■  ATTN:  IT  SOU.ORS 
ATTN:  LTCOL  VtUJNES 
ATTN:  MAJ  SAWYER 
ATTN:  MAJ  WHITE 
ATTN:  1LT  RUSHiNO 

USAP  87TQ/TGBD 

ATTN:  B  CARLSON 
ATTN:  B  NETARDUS 

DEPARTMENT  OP  ENEROY 

NEVADA  OPERATIONS  OFFICE 
2 CYATTN:  ON  BURGESS 
2  CY  ATTN:  0  L  WINTER  OEST 

DEPARTMENT  OP  ENEROY 
ATTN:  MOE.JNY 
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WEAPONS  PRODUCTION  DIVISION 
ATTN:  OUWP-Z2S 

LAWRENCE  UVEKMO RE  NATIONAL  LAS 
ATTN:  ALLEN  KUHL 
ATTN:  C  E  ROSENKJLDE 
ATTN:  DAVID  STANFEL 
ATTN:  FHEUZE 
ATTN:  OMAHA 
ATTN:  J  SELL  (L-316) 

ATTN:  L-20CFJ  NAMEO 
ATTN:  U20CW  WHITE 
ATTN:  U200/WC  MOSS 
ATTN:  LOOO, 0  B  CLARKE 
ATTN:  L-41  J  MORGAN 
ATTN:  L-43  R  BENJAMIN 
ATTN:  L-S1  R  PERRETT 
ATTN:  L-04/Q  POMYKAL 
ATTN:  USB  H  CASAYAN 
ATTN:  M  TOBIN,  L-450 
ATTN:  REPORTS  LIBRARY 
ATTN:  TECH  LIBRARY 

LOS  ALAMOS  NATIONAL  LABORATOY 
ATTN:  D  MOUJEN 
ATTN:  0211 MP  it  HENDERSON 
ATTN:  INC-7,  MS  JSI 4  A  MASON 
ATTN:  M  BUCHWALO  M/S  0430 
ATTN:  MS  CSSS  TOM  WEAVER 
ATTN:  MS  D400/T  MCKCWN 
ATTN:  MS  FOBS.  R  SWIFT 
ATTN:  MS  J514/AS  MASON 
ATTN:  MS  JB70M  FRITZ 
ATTN:  MS  J97Q/C  MORRIS 
2  CY  ATTM:  MS  P304  REPORT  LIBRARY 
ATTN:  M3-B221/J  N  JOHNSON 
ATTN:  MS-PoTO,  R  KIRBY 
ATTN:  MS21SP  WHALEN 
ATTN:  R  HAGAN,  MS-0400 
ATTN:  RW  WHITAKER 
ATTN  REPORT  LIBRARY 
ATTN:  8  S  HECKER 
ATTN:  SUNO  HAN 
ATTN:  WX-11.R  SHARP 

SANOU  NATIONAL  LABORATORIES 
ATTN:  BZAKM8  0758 
ATTN:  BRAD  PARKS 
ATTN:  D  A  LANDAUS  0072 


ATTN:  D  BEUTLERMS  1170 
ATTN:  0  HIGGENSMS  0647 
ATTN:  D  VEHAR 

ATTN:  DfV  8322,  0  GAR  SIMMS  1100 
ATTN:  DR  R  S  hU  GAM 
ATTN:  0  LOCKWOOQMS  1150 
ATTN:  J  M  UCOLAUNMS  0010 
ATTN:  LHILLMS  IMS 
ATTN:  M  FORRESTAUMS  0312 
ATTN:  MIKE  FURNISHMS0021 
ATTN:  MR  BONAOUIDUM3  1300 
ATTN:  ORG  831 1/R  E  PEPPING/MS  1150 
ATTN.  R  LUNGREN.  MS  0312 
ATTN.  R  SPEIMAHMS  1104 
ATTN:  T  K  BERGS  TRESSE  RMS  1100 

2  CY  ATTN:  TECH  UB 

ATTN:  TECH  UBMSOOCO 
ATTN:  W  BALLAH  D/MS  1179 

OTHER  GOVERNMENT 

BUREAU  OF  ALCOHOL  TABACCO  A  FIREAHMS 
ATTN:  D  NEIMAN 

3  CY  ATTN:  D  SHATTER 

ATTN:  P  HORBERT 

CENTRAL  INTELLIGENCE  AGENCY 
ATTN:  OSWR/NED  SSOO  NHB 

DEPARTMENT  OF  THE  INTERIOR 
ATTN:  D  RODDY 

FEDERAL  EMERGENCY  MANAGEMENT  AGENCY 
ATTN:  Of  C  OF  CIVIL  DEFENSE 
ATTN:  OFC  OF  RSCH 

NATIONAL  INSTITUTE  Of  STANDARDS  A 
TECHNOLOGY 

ATTN:  R  LEVINE 

U  S  GEOLOGICAL  SURVEY 
ATTN:  DR  RODDY 

DEPARTMENT  Of  DEFENSE  CONTRACTOR* 

APPLIED  RESEARCH  ASSOCIATES 
ATTN:  M  COOPER 

APPLIED  RESEARCH  ASSOCIATES,  INC. 

ATTN:  CJ  HIGGINS 
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ATTN;  KBELL 
ATTN.  M  PUMONDON 
ATTN:  N  SLUM 
ATTN:  P  RQUPA4 


ATTN:  E  E  OWNNELi 
ATTN:  R  M)U£R 

SUMNER  ASSOCIATES 

ATTN:  A  S  MASON 


UNIVERSITY  OP  ATtZONA 
ATTN:  LIBRARY 


EKSCO  INC 

ATTN:  CCXAJH  SHELL  UM 
ATTN:  OOOUH  SOUMSARDT 
ATTN:  P  FISHER 
Anti:  A  HAMRICK 


KAMAN  SCIENCES  CORP 

ATTN:  OASIAC  B  BOUGARD 

KAMAN  SCIENCES  CORP 
3CYATTN:  OASIAC 

LOCKHEED  MARTIN  COP  ■'ORATION 
ATTN:  0  MEEN0ERINC1 


LOGIC  ON  R  AND  D  ASSOCIATES 
ATTN:  B  GOULD 
ATTN:  R  GILBERT 


LOGIC  ON  R  ANO  D  ASSOC  LAi  ES 
ATTN:  E  FURBEE 

IOCUCON  R  AND  D  ASSOCIATES 
ATTN:  G  GANONQ 
ATTN:  J  RENICK 

MASSACHUSETTS  INSTITUTE  OF  TECHNOLOGY 
ATTN:  LIBRARY 

MAXWELL  TECHNOLOGIES 
ATTN;  JOHN  RAUCH 

PHYSICS  INTERNATIONAL  CO. 

ATTN:  R  L  SCHNEIDER 
ATTN:  SL  WONG 


SVERDRUP  TECHNOLOGY  INC 
ATTN:  M  BABINEAU 
ATTN;  V  KENYON 

TECH  REPS.  INC. 

ATTN:  F  MCMULLAN 
ATTN:  J  LUND 

TITAN  CORPORATION 

ATTN:  C  SCHEFFIELD 
ATTN.  JROCCO 
ATTN:  J  THOMSEN 
AnN:  S  BABCOCK 

DWtCTORY  OF  OTHER  (UBRARY  AND 

UNtvERsmesi 

ALABAMA  ASM  UNIVERSITY 
ATTN:  LIBRARY 

ALABAMA.  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  UBRARIES 

ALASKA.  UNIVERSITY  OP 

AnN:  DIRECTOR  OP  UBRARIES 
ATTN:  UBRARY,  302  BUTROVICH  l»LDO 

ALASKA,  UNIVERSITY  OP 

ATTN:  GOVERNMENT  PUBLICATION 
UBRARIAN 

ALCORN  STArE  UNIVERSITY 
ATTN:  UBRARY 

AMERICAN  INDIAN  HIGHER  EDUCATION 
ATTN:  UBRARY 

ARIZONA  STATE  UNIVERSITY 
ATTN;  LIBRARY 


SCIENCE  APPLICATIONS  INTERNATIONAL  CORP 
ATTN:  C  HSIAO 
ATTN:  L  SCOTT 

SCIENCE  APPLICATIONS  INTERNATIONAL  CORP 


ARIZONA  UNIVERSITY 
ATTN:  UBRARIAN 

ARIZONA,  UNIVERSITY  OF 
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ATTN:  OOV  DOC  DEPT 

ARKANSAS  STATE  UNIVERSITY 
ATTN.  UML'RY 

ARKANSAS.  UNIVERSITY  OF 

ATTN.  OOVERNUENT  DOCUMENTS  DIV 
ATTN:  LIBRARY,  425  ADMIN  SUM 

AUBURN  UNIV  AT  UONTOoUERY  LIBRARY 
ATTN:  UBRARIAN 

AUBURN  UNIVERSITY 
ATTN' M  ROSE 

AUBURN  UNIVERSITY 
ATTN.  UBRARY 

DAY  MILL  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

•LACKTELT  COMMUNITY  COLLEGE 
ATTN:  UBRARY 

BOSTON  UNIVERSITY 

ATTN:  MICHAEL  MENDILLO 

BOWDOIN  COLLEGE 

ATTN:  UBRARIAN 

DOWLING  GREEN  STATE  UNIV 

ATTN:  UB  GOVT  DOCS  SERVICES 

BRIGHAM  YOUNG  UNIVERSITY 

ATTN:  DOCUMENTS  COLLECTION 

LROWN  UNIVERSITY 

ATTN:  LIBRARIAN 

BUCKNtLL  UNIVERSITY 

ATTN:  O  ANDERSON 
ATTN:  REFERENCE  DEPT 

CAUFORNA  AT  FRESNO  STATE  UNIV  UB 
ATTN:  UBRARY 

CALIFORNIA  AT  LOS  ANGELES.  UNIVERSITY  OF 
ATTN.  J  MACKENZIE 
ATTN:  T  FARLEY 


CAUFORN1A  AT  SAN  DIEGO  UNIVERSITY 
ATTN:  DOCUMENTS  DEPARTMENT 

CALIFORNIA  INSTITUTE  OF  TECHNOLOGY 
ATTN:  E  LEWIS 
ATTN:  R  CHRISTY 

CALIFORNIA,  UNIVERSITY  CF 

ATTN;  L  BADASH/DEPT  OF  HISTORY 

CASE  WESTERN  RESERVE  UNIVERSITY 
ATTN:  LIBRARY 

CENTRAL  FLORIDA  UNIV  OF 

ATTN:  UBRARY  DOCS  OEPT 

CENTRAL  WYOMING  COUEGE  UBRARY 
ATTN:  UBRARIAN 

CHICAGO,  UNIVERSITY  OF 
ATTN:  P  MEIER 

CLEMSON  UNIVERSITY 

ATTN:  DIRECTOR  OF  UBRARIES 

COLORADO  STATE  UNIV  UBS 
ATTN:  UBRARY 

COLORADO,  UNIVERSHTY  UBRARIES 
ATTN:  DIRECTOR  OF  UBRARIES 
ATTN:  J  BIRKS 

ATTN:  R  SCHNELL  CAMPUS  BOX  440 

CONNECTICUT  AO  EXPERIMENT  STATION 
ATTN;  UBRARY 

CONNECTICUT  UNIVERSITY  OF 

ATTN:  GOVERNMENT  OF  CONNECTICUT 

CORNELL  UNIVERSITY 
ATTN:  W  FEOERER 

CORNELL  UNIVERSITY 
ATTN:  UBRARY 

CORNELL  UNIVERSITY 
ATTN:  UBRARIAN 

(VO  UNIVERSITY  (LOWER  DIVISION) 

ATTN:  UBRARY 
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DARTMOUTH  COUXQE 
ATTN:  LIBRARIAN 

DAYTON,  UNIVERSITY  Of 
ATTN:  LIBRARIAN 

DELAWARE  STATE  UNIVERSITY 
ATTN:  LIBRARY 

DULL  KNI'E  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

FLORIDA  ASM  UNIV 

ATTN:  LIBRARY  RM  400.  LEE  HALL 

FLORIDA  INSTITUE  OF  TECH  UB 

ATTN:  00 VT  DOCUMENTS  DEPT 

FLORIDA  STATE  LIBRARY 

ATTN:  DOCUMENTS  BTROZIER  R-113 

FLORIDA  8TATE  UNIVERSITY 

ATTN:  DOCUMENTS  DEPARTMENT 

FORT  VALLEY  STATE  COLLEGE 
ATTN:  LIBRARY 

FT  BELKNAP  COMMUNITY  Cv._-F.QE 
ATTN:  LIBRARY 

FT  BETHOLD  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

FT  PECK  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

GEORGE  MASON  UNIVERSITY 
ATTN:  R  EHRUCH 

GEORGE  WASHINGTON  UNIVERSITY 
ATTN:  R  GOULARD 

GEORGETOWN  UNIV  LIBRARY 

ATTN:  GOVT  DOCS  ROOM 

GEORGIA  WST  OP  TECH 
ATTN:  E  PATTERSON 
ATTN:  LIBRARIAN 

GEORGIA  TECHNOLOGICAL  INSTITUTE 


ATTN:  DR  JOHN  ENDiCOTT 

GEORGIA.  UNIVERSITY  OF 
ATTN:  LIBRARY 

ATTN:  LUSTRAT  HOIJSCAJBRARY 

HARVARD  COLLEGE  LIBRARY 

ATTN:  DIRECTOR  OF  LIBRARIES 
ATTN:  W  PRESS 

HARVARD  UNIVERSITY 
ATTN:  G  CARRIER 
ATTN:  LIBRARY 
ATTN:  M  MCELROY 
ATTN:  SECURITY  OFFICER 

HASKKU.  INDIAN  NATIONS  UNIVERSITY 
ATTN:  LIBRARY 

IDAHO  STATE  UNIVERSITY 

ATTN:  DOCURMENTS  DEPARTMENT 

IDAHO,  UNIVERSITY  OF 
ATTN:  LIBRARY 

ILLINOIS  STATE  LIBRARY  (REGIONAL 

ATTN:  GOVERNMENT  •  V~  r.  a 

BRANCH 

INDIANA  STATE  LIBRARY  (REGIONAL) 

ATTN:  SERIAL  SECTION 

INDIANA  STATE  UNVERSITY 

ATTN:  DOCUMENTS  LIBRARIES 

INSTITUTE  OF  AMERICAN  INDIAN  AND  ALASKA 

NATIVE  CULTURE  AND  AREA  DEVELOPMENT 
ATTN:  LIBRARY 

IOWA  STATE  UNIVERSITY  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENT 
DEPARTMENT 

IOWA  UNIVERSITY  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENTS  DEPT 

JOHN  HOPKINS  UNIVERSITY 

ATTN:  DOCUMENTS  LIBRARY 
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JOHN  HOPKINS  UNIVERSITY 
ATTN:  A  WUQALL 

KANSAS  STATE  UNIVERSITY  LIBRARY 

Aim  DOCUMENTS  DEPARTMENT 

KANSAS,  UtNVCRtITY  OF  \ 

ArmomecTon  of  ubraries 

KENTUCKY  DEFT  OF  LIBRARY  •  ARCHIVES 
ATTN.  DOCUMENTS  SECTION 

KENTUCKY  STATE  UNVERSITY 
ATTN:  LIBRARY 

KENTUCKY,  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  LIBRARIES 

LAC  COUP  IE  OREILEO  0JI8WA 
ATTN:  LIBRARY 

LANOSTON  UNIVERSITY 
ATTN:  LIBRARY 

LINCOLN  UNIVERSITY 
ATTN:  LIBRARY 

LITTLE  BIO  MORN  COLLEGE 
ATTN:  LIBRARY 

LITTLE  HOOF  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

LOUSIANA  STATE  UNIVERSITY  SYSTEMS 
Arm  LIBRARY 

LOUSISANA  TECH  UNIVERSITY 

ATTN:  GOVERNMENT  DOCUMENTS  DEFT 

MASSACHUSETTS  UWVOF 

ATTN:  GOVERNMENT  DOCS  COLUOE 

MEMPtiSJf  STATE  UNIV  LIBRARY 
ATTN:  LIBRARIAN 

MWM  USRARY  vnTvERSiTY  Or 
ATTN:  C  CONVEY 

ATTN:  GONVERNMENT  PUBLICATIONS 
MKXK2AN  STATE  UNIVERSITY  LIBRARY 


ATTN  USRARIAN 

MICHIGAN  UNIVERSITY  OF 

ATTN:  ACQ  SEC  DOCUMENTS  UNIT 

MICHIGAN,  UNIVERSITY  OF 
ATTN:  R  CORNELL 

MINNESOTA,  UNIVERSITY  OP 
ATTN:  J  BEAAMAN 
ATTN:  L  SC  HUMAN 

MISSISSIPPI  STATE  UNWVERSITY 
ATTN:  LIBRARIAN 

MISSISSIPPI  STATE  UNIVERSITY 
ATTN:  USRARY 

MISSISSIPPI,  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  UBRARIES 

MISSOURI  UNIV  AT  KANSAS  CITY  GEN 
ATTN:  UBRARIAN 

MISSOURI,  UNIVERSITY  USRARY 

ATTN:  OOVERNMENT  IXCUMENTS 

MONTANA  STATE  LIBRARY 
ATTN:  UBRARIAN 

MONTANA  STATE  UNIVERSITY  US 
ATTN:  LIBRARIAN 

MONTANA  STATE  UNIVERSITY  US 
ATTN:  USRARY 

NATRONA  COUNTY  PUBLIC  USRARY 
ATTN:  UBRARIAN 

NAVAJO  COMMUNITY  COUEOC 
ATTN:  USRARY 

NEBRASKA  INDIAN  COMMUNITY  COLU'lE 
ATTN:  USRARY 

NEBRASKA  OMAHA  LTSVOf 

ATTN:  LIBRARIAN 

NEVADA  USRARY  UNIV  OF 
ATTN:  USRARY 
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NEVADA,  UNIVERSITY  AT  Ui  VEGAS 
ATTN:  DIRECTOR  OF  U8RAR.cS 

NEW  MEXICO  STATE  U UKARY 
ATTN:  LIBRARIAN 

NEW  MEXICO  STATE  UNIVERSITY 
ATTN:  LIBRARY 

NEW  MEXICO.  UNIV  OF  SCHOOL  OF  MEDICINE 
ATTN:  C  KEY 
ATTN:  R  ANDERSON 

NEW  YORK  STATE  UNIV  AT  S  TONY  F  ROOK 

ATTN:  MAIN  US  DOCUMENTS  SECTION 

NEW  YORK  STATE  UNIV  COL  AT  CORTLANO 
ATTN:  LIBRARIAN 

NEW  YORK  STATE  UNIVERSITY 

ATTN:  DOCUMENTS  CENTER 

NSW  YORK  UNIVERSITY  DEPARTMENTOF 

ENVtONNMENTAL  MEDICINE 
ATTN:  A  UPTON 
ATTN:  UBRARY 

NORTH  CAROLINA  AST  STATE  UNIVERSITY 
ATTN:  UBRARY 

NORTH  CAROLINA  STATE  UNIVERSITY 
ATTN:  LIBRARIAN 

NORTH  CAROLINA  STATE  UNIVERSITY 
ATTN:  UBRARY 


ATTN:  GOVT  rtIBI  tCATTONS  DEPT 

NOTRE  CAME,  UNIVERSITY  OF 

ATTN:  DOCUMENT  CENTER 

OQULLA  LAKOTA  COLLEGE 
ATTN:  UURARY 

OHIO  STATE  UBRARY 

ATTN:  LIBRARIAN 

OHIO  STATe  ,  UNIVERSITY 

attn:  libraries  documents  division 


OHIO  STATE  UNIIVERSITY 
ATTN:  UBRARY 

OKLAHOMA  STATE  UNIV  UBRARY 
ATTN:  DOCUMENTS  DEPT 

OKLAHOMA  STATE  UNIV  UBRARY 
ATTN:  UBRARY 

OKLAHOMA.  UNIVERSITY  OF  SCHOOL  OF 

PUBUC  HEALTH 

ATTN:  F  ANDERSON 

OREGON  STATE  I IBRARY 
ATTN:  UBRARIAN 

OREGON  STATE  UNIVERSITY 
ATTN:  UBRARY 

OREGON.  UNIVERSITY  OF  WWUON  OF 

IMMUNOLOGY.  ALLERGY  B  RHEUMATOLOGY 
ATTN:  B  PIROFSKY 


NORTH  CAROLINA.  UNIVERSITY  OF 
ATTN:  UBRARY  FOR  DEAN 

NORTH  DAKOTA  STATE  UNIVERSITY 
ATTN:  UBRARY 

NORTH  DAKOTA  UNIVERSITY  OF 
ATTN:  LIBRARIAN 

NORTHWEST  INCHAN  COLLEGE 
ATTN:  LIBRARY 

NORTHWESTERN  UNIVERSITY  UB 


PENNSYLVANIA  STATE  UBRARY 

ATTN:  GOVERNMENT  PUBLICATIONS 
SECTION 

PENNSYLVANIA  STATE  UNIVERSITY 
ATTN:  UAHARY 

PENNSYLVANIA,  UNIVERSITY  OF  SCHOOL  OF 
MEDICINE 

ATTN:  F  NOWELL 

PENNSYLVANIA.  UNIVERSITY  OF 
.  ATTN:  DIRECTOR  OF  UBRARIES 
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PITTSBURGH,  UNIV  Of 
ATTN:  E  RADFORD 
ATTN:  LIBRARY 

PRAIRIE  VIEW  AAJU  UNIVERSITY 
ATTN:  UBAARY 

PRINCETON  UNIVERSITY 

ATTN:  "JR  FRANK  VON  HIPPIE 

PURDUE  UNIVERSITY  LIBRARY 
ATTN:  UBRAK1AN 

RHODE  ISLAND.  UNIVERSITY  OF 

ATTN:  DIRECTOR  OF  LIBRARIES 

LIBRARY  OF  SCIENCE  A  MEDP*¥tE  RUTGERS 
UNIVERSITY 

ATTN:  GOVERNMENT  DOCUMENTS  DEPT. 

RUTOERS  UNIVERSITY 
ATTN:  LIBRARIAN 

SAUSH  KOOTENAI  COLLEGE 
ATTN;  LIBRARY 

SAMFORD  UNIVERSITY 
ATTN:  LIBRARY 

SAN  OIEOO  STATE  UNIV  LIBRARY 
ATTN.  GOVT  PUBS  DEPT 


SAN  JOSE  STATE  COLLEGE  LIBRARY 
ATTN:  DOCUMENTS  DEPT 

SINTE  OLE  SKA  UNIVERSITY 
ATTN;  LIBRARY 

SISSCTON  WAHPCTON  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

SOUTH  CAROLINA  STATE  LIBRARY 
ATTN:  LIBRARY 

SOUTH  CAR  OL’KA  STATE  UNIVERSITY 
ATTN:  LIBRARY 


SOUTH  DAKOTA  STATCUNIYERSTTY 
ATTN:  LIBRARY 

SOUTH  DAKOTA,  UNIVERSITY  OF 

ATTN:  DOCUMENTS  LIBRARIAN 

SOUTHEAST  MISSOURI  STATE  UNIVERSITY! 
ATTN:  KENT  LIBRARY 

SOUTHERN  CALIFORNIA  UNIV  LIBRARY 
ATi  N:  DOCUMENTS  DEPARTMENT 

SOUTHERN  CALIFORNIA,  UNIV  OF 
ATTN  J  BIRREN 

SOUTHERN  IUNOIS  UNIVERSITY 

ATTN:  LOVEJOY  MEM  LIBRARY 

SOUTHERN  METHODIST  UNIVERSITY 
ATTN:  B  STUMP 
ATTN:  FONDREN  LIBRARY 

SOUTHERN  MISSISSIPPI  UNIV  OF 
ATTN:  LIBRARY 

10UTHP.RN  UNIVERSITY  SYSTEM 
ATTN:  LIBRARY 

SOUTHWEST  INDIAN  POLYTECHNIC  INSTITUTE 
ATTN:  LIBRARY 

STANDING  ROCK  COLLEGE 
ATTN:  LIBRARY 

STANFORD  Ui^AERSITY 
ATTN:  L  MUSES 

STANFORD  UNIVERSITY  LIBRARY 

ATTN:  GOVT  DOCUMENTS  DEPT 

STONE  CHILD  COLLEGE 
ATTN:  LIBRARY 

SARACUSE  UNIVERSITY  LIBRARY 
ATTN:  DOCUMENTS  DIVISION 
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ATTN:  LIBRARY 

TENNESSEE,  UNIVERSITY  OF 
ATTN:  K  FOX 

TEXAS  AIU UNIVERSITY  LIBRARY 
ATTN:  LIBRARY 

TEXAS.  AT  A'  IST1N.  UNIV  OF 
ATTN:  H  SUTTON 

TEXAS  TECH  UNIVERSITY  LIBRARY 

ATTN:  GOVERNMENT  DOCUMENTS  DEPT 

TEXAS,  UNIVERSITY  OF 
ATTN;  C  S  COOK 

TULANE  UNIVERSITY 

ATTN:  DOCUMENTS  DEPT 

TURTLE  MOUNTAIN  COMMUNITY  COLLEGE 
ATTN:  LIBRARY 

TUSKEGEE  UNIVERSITY 
ATTN:  LIBRARY 

UCLA  RESEARCH  LIBRARY 

ATTN;  PUI4JC  AFFAIRS  SERVICEAJS  DOCS 

UNITED  TRIBES  TECHNICAL  COLLEGE 
ATTN;  LIBRARY 

UNIVERSITY  OF  ARIZONA 
ATTN;  HYATT  GIBBS 

UNIVERSITY  OF  ARKANSAS  FINE  BLUFF 
ATTN;  LIBRARY 

UNIVERSITY  OF  CALIFORNIA  SYSTEM 
ATTN;  LIBRARY 

UNIVERSITY  OF  CALIFORNIA,  BAN  DIEGO 
ATTN;  OR  HERBERT  YORK. 

ATTN:  BING  LEE  0407 

UNIVERSITY  O*  CONNECTICUT 
ATTN;  LIBRARY 

UNIVERSITY  OF  DELAWARE 
ATTN;  LIBRARY 


UNIVERSITY  OF  DELAWARE  LIBRARY 
ATTN:  LIBRARIAN 

UNIVERSITY  OF  FLORIDA 
ATTN:  LIBRARY 

UNIVERSITY  OF  HAWAII 
ATTN:  LIBRARY 

UNIVERSITY  OF  ItXINOIS 

ATTN:  DOCUMENTS  LIBRARY 

UNIVERSITY  OF  ILLINOIS 
ATTN  LIBRARY 

UNIVERSITY  OF  MAINE 
ATTN:  LIBRARY 

UNIVERSITY  OF  MARYLAND 

ATTN;  GEORGE  QUESTER 

UNIVERSITY  OF  MARYIANO  EASTERN  SHORE 
ATTN:  LIBRARY 

UNIVERSITY  OF  MASSACHUSETTS 
ATTN:  LIBRARY 

UNIVERSITY  OF  MINNESOTA 
ATTN:  LIBRARY 

UNIVERSITY  OF  MISSOURI  SYSTEMS 
ATTN:  LIBRARY 

UNIVERSITY  OF  NEBRASKA 
ATTN:  LIBRARY 

UNIVERSITY  OF  NEW  HAMSMIRE 
ATTN:  LIBRARY 

UNIVERSITY  OF  OREGON  LIBRARY 
ATTN:  DOCUMENTS  SECTION 

UNIVERSITY  OF  PUERTO  RICO 
ATTN;  LIBRARY 

UNIVERSITY  OF  RHODE  ISLAND 
ATTN:  LIBRARY 

UNIVERSITY  OF  SANTA  CLARA 

ATTN:  DOCUMENTS  WV-  ORRACRE  LIB 
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UNIVERSITY  OF  SOUTH  CAROLINA 
ATTN;  T  S  CUDA'JJHAH 

UNIVERSITY  or  SOUTH  FLORIDA 
ATTN.  S  YiNU 

UNtV  OF  SOUTHERN  C  UlFORNIA 
ATTN  ARMONT,  TANGUAY 

UNVERSITY  OF  SOUTHERN  CAUFORNIA  SCHOOL 

Of  INTERNATIONAL  RELATIONS 
ATTN:  RONALD  STEAL 

UNIVERSITY  Or  TENNESSEE 
ATTN:  UPRARY 

UNIVERSITY  Or  THE  OISTRIC  OF  COLUMBIA 
ATTN:  U5RARV.RU  30i 

UNIVERS.TY  OF  THE  VIRGIN  ISLANDS 
ATTN:  UBRARY 

UNIVERSITY  OF  WASHINGTON 
ATTN:  C  LEOVY 
ATTN:  L  RAOKE 
ATTN:  P  H09HS 

UNIVERSITY  Of  WISCONSIN-MADISON 
ATTN:  KURT  f  WENDT 

UNIVERSITY  OF  WISCONSIN-MADISON 
ATTN:  UCRARY 

UNIVERSITY  Or  W'CONSIN-OFHKOSH 
ATTN:  DOCUMENTS  DEFT 

UNIVERSITY  OF  WYOMING 
ATTN.  UBRARY 

UTAH  STATE  UNIVERSITY 
A  TN:  UOPARY 

:  tah,  umvEusmr  or 

ATTN:  SPECIAL  COLLECTIONS 

VANDERBILT  UNIVERSITY 
ATTN:  R  QUINN 

VIRGINIA  MILITARY  INSTITUTE 

ATTN:  DOCUMENTS  DEPARTMENT 


VIRGINIA  POLYTECHNIC  INSTITUE 

ATTN:  DOCUMENTS  DEPARTMENT 

VIRGINIA  PTATE  UNIVERSITY 
ATTN:  UBRARY 

VIRGINIA,  UNIVERSITY  OF 

ATTN  PUBLIC  DOCUMENTS 

WASHINGTON  STATE  LIBRARY 

ATTN:  DOCUMENTS  SECT.ON 

WASHINGTON  ST.'TE  UNIV 

ATTN:  0C2  DOCUMENTS  SECTION 

WASHINGTON  STATE  UNIVERSITY 
ATlN:  MICHAEL  K.W.  WONO 
ATTN:  YM  GUPTA 

WASHINGTON  STATE  UNIVERSITY 
ATTN:  LIBRARY 

WASHINGTON  UNIVERSITY  OF 

ATTN:  DOCUMENTS  OIV1SION 

WASHINGTON  .UNIVERSITY  OF  SCHOOL  OF 
PUBUC  HE  LATH 
ATTN:  D  THOA.SPCN 

WILLIAM  AND  MARY  COUEGE 
ATTN:  DOCS  DEPT 

WISCONSIN  UNIVERSITY  OF  GREEN  BAY 
UBRARY 

ATTN.  GOV  PUBS  DEPT 

WISCONSIN,  UNIVERSITY  OK 
ATTN:-' CROW 

YALE  UNIVERSITY 

ATTN:  COUNCIL  OF  ENGINEERING 
ATTN:  0  SCHULTZ 
ATTN:  V  HUGHES 
ATTN;  WRAITH 
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